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(54) Fuel cell power supply device 



(57) Disclosed is a fuel celt power supply device 
whicli can accurately detemriine a requested output cur- 
rent of a fuel cell depending on an electric energy re- 
quested by a load even if output current/voltage char- 
acteristics of the fuel cell change. A power supply man- 
agement control unit 14 has an l-V characteristics esti- 
mating unit 52 for estimating output cun^entA/oltage 
characteristics (l-V characteristics) of a fuel cell by sub- 
stituting a linear function (V = F(l)) in which a gradient 
indicates an internal resistance (Rfc) of the fuel celt and 



an interception of an axis representing a voltage (V) in- 
dicates an open-circuit voltage (Vfc_o) of the fuel cell 
calculated by a fuel cell open-circuit voltage calculator 
51 for the l-V characteristics. On the basis of the l-V 
characteristics of the fuel cell estimated by the !-V char- 
acteristics estimating unit 52, a requested output volt- 
age detemiining unit 53 and a requested output current 
determining unit 54 detemnine a requested output volt- 
age (Vfc_REQ) and a requested output current 
(lfc_REQ), respectively, which are needed to obtain a 
target total electric energy (Psys). 



OJ 
< 

CM 



LU 



Votrt 



FIG. 2 



Vap.o CALCUIATION 



Itfc DATA 



Vk,o CAICUWTIOH 



PD.REQ : ^ 




llosdMI ^ 


Psys CALCUIATION 



Reap 



VtQp,o 



..60 



Imp DA1A 



Heap 



r 



l-V CHARAOERISnO 

EsmnoN 

V 

, v=Fa) 



Vfc_o 



^$3 



P -V COHVERSiON 
















Vft. 


REQ * 



Psys 



InpJST OLOJIAHOK 



Icop^AST 

57 Ik — 




Vft.REQ 





+ 








IfcREQ 








P-l CONVEISION 








Psys 




/ 







Printed by Jouve. 7S001 PARIS (FR) 



1 



EP 1 274 145 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

[0001] The present Invention relates to a fuel cell pow- 
er supply device for controlling an amount of reactive 
gases supplied to a fuel cell depending on an electric 
energy requested by a load. 

Description of the Related Art: 

[0002] There have heretofore been employed fuel cell 
power supply devices which use fuel cells as a power 
supply device for vehicles such as electric vehicles. An 
amount of reactive gases (a reducing gas such as hy- 
drogen and an oxidizing gas for extracting electrons by 
reacting with the reducing gas) to be consumed varies 
depending on an amount of an output current of the fuel 
cell. Therefore, It is necessary to control a flow rate of 
reactive gases so that the amount of reactive gases sup- 
plied to the fuel cell is not excessive or insufficient with 
respect to an electric energy requested by a load such 
as an electric motor. 

[0003] Oneconventlonalfuelceltpowersupply device 
incorporates a control arrangement shown In FIG. 5 for 
determining a target output current (lfc_CMD) for a fuel 
cell on a vehicle. First, a fuel cell vehicle control unit 1 GO 
calculates a requested electric energy (PD_GAL) of an 
electric motor 101 depending on an amount of depres- 
sion (Ap) of an accelerator pedal and a vehicle speed 
(Nm). 

[0004] An output limiting unit 102 calculates a target 
output (PD_REQ) to limit an upper limit of the requested 
electric energy (PD_CAL) depending on a capacity of a 
fuel cell 103 to generate an electric energy. A torque 
command calculator 104 calculates a torque command 
(TRQ_CMD) depending on the target output (PD_REO) 
and then outputs the torque command to a motor driving 
unit 105. 

[0005] On the other hand, a P/l converter 1 06 applies 
the target output {PD_REQ) to map data 1 07, stored In 
a memory, representing output cun'ent/voltage charac- 
teristics (l-V characteristics) of the fuel cell 1 03 to deter- 
mine the target output current (lfc_CMD) of the fuel cell 
1 03. A reactive gas supply unit 1 08 supplies the reactive 
gases depending on the target output current (tfc.CMD) 
to the fuel cell 103 so that the fuel cell 103 outputs a 
current appropriate to the target output (PD_REQ). 
[0006] By the above processing, a driving electric en- 
ergy needed to obtain the target output (PD_REQ) is 
supplied from the motor driving unit 105 to the electric 
motor 1 01 , and the reactive gases needed to obtain the 
target output current (lfc_CMD) depending on the target 
output (PD_REO) are supplied from the reactive gas 
supply unit 1 08 to the fuel cell 1 03. 
[0007] However, in some cases, the l-V characteris- 



tics of the fuel cell 103 vary (shown by a line B in FIG. 
5) from an initial state (shown by a line A in FIG. 5) de- 
pending on a change in temperature, supply pressure, 
and humidity of the reactive gases and a change of the 
fuel cell 1 03 with time. When the l-V characteristics of 
the fuel cell 103 vary, the target output current 
(Ifc.CMD) set for the target output (PD^REQ) Is improp- 
er, so that the current Is excessively or insufficiently out- 
putted from the fuel cell 1 03. 
[0008] Therefore, the following processing is per- 
fonned: A current (Ifc) and a voltage (Vfc) actually out- 
putted from the fuel celt 103 are detected, a difference 
(Al) between the actual current (Ifc) and the target output 
current (lfc_CMD) and a difference (AV) between the ac- 
tual voltage (Vfc) and a target output voltage (Vfc_CMD) 
corresponding to the target output current (lfc_CMD) in 
the l-V characteristics are calculated, and the l-V char- 
acteristics are corrected depending on the differences 
(AI.AV). 

[0009] However, i n the con-ectlon of the l-V character- 
istics as mentioned above, for example, as in the case 
of abrupt acceleration of the fuel cell vehicle, when a 
power of the electric motor 101 increases so as to ex- 
ceed a response speed of the reactive gas supply unit 
108 and the actual current (ifc) and the actual voltage 
(Vfc) are insufficient with respecttothetarget output cur- 
rent (Ifc.CMD) and the target output voltage (Vfc_CMD) 
(in this case, the insufficient curent is backed up by dis- 
charging an electric energy from a capacitor 109), the 
calculated differences (Al, AV) are larger than differenc- 
es based on the actual Initial values of the l-V charac- 
teristics of the fuel cell due to a delayed response from 
the reactive gas supply unit 108. 
[0010] Accordingly, there are the following. disadvan- 
tages: The l-V characteristics of the fuel cell 1 03 are cor- 
rected so as to be larger than the actual l-V character- 
istics. When the target output (PD.REQ) Is applied to 
the corrected l-V characteristics, the target output cur- 
rent (lfc_CMD) cannot be detennined accurately 

SUMMARY OF THE INVENTION 

[001 1 ] The present invention is made in order to over- 
come the above disadvantages. It is an object of the 

present invention to provide a fuel cell power supply de- 
vice which can accurately determine a requested output 
current of a fuel cell depending on an electric energy 
requested by a load even when output current/voltage 
characteristics of the fuel cell change. 
[0012] According to the present invention, there is 
provided a fuel cell power supply device comprising a 
fuel cell, reactive gas supply means for supplying reac- 
tive gases to the fuel cell, supplied-amount regulating 
means for regulating an amount of reactive gases sup- 
plied from the reactive gas supply means to the fuel cell, 
requested output current detemiining means for deter- 
mining a requested output cun-ent of the fuel cell de- 
pending on a requested electric energy of a load when 
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the load is connected to the fuel cell and is then supplied 
with an electric energy, and gas supply control means 
for permitting the supplled-amount regulating means to 
control the amount of reactive gases supplied to the fuel 
cell so as to obtain the requested output current. 
[0013] As a result of various investigations for the pur- 
pose of accomplishing the above object, the present in- 
ventors discovered that the output current/voltage char- 
acteristics of the fuel cell can relatively accurately be 
approximate to a linear function, in which a gradient in- 
dicates an internal resistance of the fuel cell and an in- 
tercept of an output voltage axis indicates an open-cir- 
cuit voltage of the fuel cell, in a range where the fuel cell 
is ordinarily used. 

[001 4] According to the present invention, the fuel cell 
power supply device further comprises first storage 
means for storing data of an internal resistance of the 
fuel cell, fuel cell open-circuit voltage recognizing 
means for recognizing an open-circuit voltage of the fuel 
cell, and output characteristics estimating means for es- 
timating the output current/voltage characteristics of the 
fuel cell by substituting a linear function in which a gra- 
dient indicates the Internal resistance of the fuel cell and 
an intercept of the output voltage axis indicates the 
open-circuit voltage of the fuel cell for the ouipuX cunrent/ 
voltage characteristics. The requested output cunrent 
detemiining means detennines an output current of the 
fuel cell obtained by applying the requested electric en- 
ergy of the load to the linear function as the requested 
output current. 

[0015] According to the present invention, on the ba- 
sis of the open-circuit voltage of the fuel cell recognized 

by the fuel cell open-circuit voltage recognizing means 
and data of the internal resistance of the fuel cell stored 
in the first storage means, the output characteristics es- 
timating means estimates the output cun^ent/voltage 
characteristics of the fuel cell by substituting the linear 
function In which the gradient indicates the Internal re- 
sistance of the fuel cell and the intercept of the output 
voltage axis indicates the open-circuit voltage of the fuel 
cell for the output current/voltage characteristics. Since 
the open-circuit voltage of the fuel ceil changes depend- 
ing on a change in actual output current/voltage char- 
acteristics of the fuel cell, the linear function, which Is 
estimated as the output currentA^oltage characteristics 
of the fuel cell by the output characteristics estimating 
means, reflects the actual output current/voltage char- 
acteristics of the fuel cell. Therefore, even when the out- 
put current/voltage characteristics of the fuel cell 
change, the requested output current detemiining 
means can accurately detemiine the requested output 
current depending on the requested electric energy by 
applying the requested electric energy to the linear func- 
tion. 

[001 6] The fuel cell power supply device further com- 
prises fuel cell current detecting means for detecting an 
output current of the fuel cell. When the output cunrent 
of the fuel ceil obtained by applying the requested elec- 



tric energy of the load to the linear function is smaller 
than a current detected by the fuel cell current detecting 
means, the requested output current detemiining 
means detennines the detected cun-ent as the request- 

5 ed output current. 

[0017] According to the present invention, when the 
requested electric energy of the load increases quickly, 
due to a time lag until the requested output current de- 
termined by the requested output current detemiining 

10 means changes depending on the increase, a current 
actually outputted from the fuel cell may become larger 
than the requested output current. 
[0018] When the current (the actual output current of 
the fuel cell] detected by the fuel cell cun-ent detecting 

IS means is larger than the requested output cun-ent, the 
gas supply control means detennines the detected cur- 
rent as the requested output current. The amount of re- 
active gases supplied to the fuel cell is thus increased 
quickly, preventing the fuel cell from running short of re- 

20 active gases. 

[001 9] The fuel cell power supply device further com- 
prises an electric double layer capacitor connected par- 
allel to the fuel cell, second storage means for storing 
data of an internal resistance of the electric double layer 

25 capacitor, capacitor open-circuit voltage recognizing 
means for recognizing an open-circuit voltage of the 
electrte double layer capacitor, capacitor charged/dis- 
charged cun-ent recognizing means for dividing a differ- 
ence between a requested output voltage correspond- 

30 Ing to the requested output current in the linear function 
and the open-circuit voltage of the electric double layer 
capacitor by the internal resistance of the electric double 
layer capacitor to recognize a current charged into or 
discharged from the electric double layer capacitor 

35 when an output voltage of the electric double layer ca- 
pacitor is equivalent to the requested output voltage, 
and requested output cunrent correcting means for per- 
fonning at least one of first correction to subtract a dis- 
charged current from the requested output cun-ent when 

40 the capacitor charged/discharged current recognizing 
means recognizes the current discharged from the elec- 
tric double layer capacitor and second correction to add 
a charged current to the requested output cun-ent when 
the capacitor charged/discharged current recognizing 

45 means recognizes the current charged into the electric 
double layer capacitor. 

[0020] According to the present invention, due to the 
first correction, the current discharged from the electric 
double layer capacitor is subtracted from the requested 

50 output cun-ent to reduce the amount of reactive gases 
supplied from the gas supply means as much as the dis- 
charged cun-ent, preventing the reactive gases from be- 
ing supplied to the fuel cell excessively. Due to the sec- 
ond correction, the current charged into the electric dou- 

55 ble layer capacitor is added to the requested output cur- 
' rent to increase the amount of reactive gases supplied 
from the gas supply means as much as the charged cur- 
rent, thus preventing the reactive gases from being sup- 
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plied to the fuel cell insufficiently. 
[0021 ] The fuel cell power supply device further com- 
prises fuel cell current detecting means for detecting an 
output current of the fuel cell. When the requested out- 
put current subjected to the first correction orthe second 
correction by the requested output current correcting 
means is smaller than a cun^ent detected by the fuel cell 
current detecting means, the requested output current 
determining means detemiines the detected current as 
the requested output current 
[0022] According to the present invention, in the case 
where the first correction or the second con-ection Is per- 
fomied, when the requested electric energy of the load 
increases quickly, it is possible to prevent the fuel cell 
from running short of reactive gases. 
[0023] The fuel cell open-circuit voltage recognizing 
means recognizes the open-circuit voltage of the fuel 
cell every predetennined cycle. The output characteris- 
tics estimating means estimates the output currentA^ott- 
age characteristics of the fuel cell every predetemfilned 
cycle by substituting the linear function for the charac- 
teristics. 

[0024] According to the present invention, the output 
characteristics estimating means estimates the output 
current/voltage characteristics of the fuel cell every pre- 
detennined cycle using the linear function based on the 
open-circuit voltage of the fuel cell recognized every 
predetennined cycle by the fuel cell open-circuit voltage 
recognizing means. Therefore, the requested cun-ent 
. detemnining means can accurately detemnine the re- 
quested output current using the linear function updated 
so as to reflect the latest actual output cun^entA/oltage 
characteristics of the fuel cell. 
[0025] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings whk:h illustrate a pre- 
ferred embodiment of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

FIG. 1 Is a block diagram showing a constitution of 
a fuel cell power supply device according to the 
present invention; 

FIG. 2 is a block diagram showing a control arrange- 
ment of electric energy management means shown 

in FIG. 1; 

FIG. 3 is an equivalent circuit diagram of the fuel 
cell power supply device; 

FIG. 4 is a graph showing output cun^ent/voltage 
characteristics of the fuel cell power supply device; 
and 

FIG. 5 is a block diagram showing a control arrange- 
ment of a conventional fuel cell power supply de- 
vice. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] An embodiment of the present invention will 

5 now be described with reference to FIGS. 1 to 4, FIG. 1 
is a block diagram showing a constitution of a fuel cell 
power supply device according to the present invention, 
FIG. 2 is a block diagram showing a control an-angement 
of electric energy management means shown in FIG. 1 , 

10 FIG. 3 is an equivalent circuit diagram of the fuel cell 
power supply device, and FIG. 4 Is a graph showing out- 
put cun'ent/voltage characteristics (hereinbelow, re- 
ferred to as l-V characteristics) of a fuel cell stack. 
[0028] Refemng to FIG. 1, a fuel cell power supply 

IS device 1 according to the present invention is mounted 
on a vehicle and functions as a power supply for driving 
. the vehicle. The fuel cell power supply device 1 is a hy- 
brid fuel cell power supply device comprising a fuel cell 
stack 2 for outputting an electric current based on an 

20 electrochemical reaction between reactive gases of hy- 
drogen and air, and an electric double layer capacitor 3 
(hereinbelow, referred to as a capacitor 3) connected 
parallel to the fuel cell stack 2. An output electric energy 
produced by the fuel cell power supply device 1 is con- 

25 trolled by a controller 4 which comprises a mrcrocom- 
puter, a memory, and other components. 
[0029] The output electric energy produced by the fuel 
cell power supply device 1 is supplied to a motor driver 
5, an air-conditioning unit 6, and a 12-V load 8 through 

30 a DC/DC converter 7. The motor driver 5 controls cur- 
rents flowing through annatures of an electric motor 10 
depending on a torque command (TRQ_CMD) output- 
ted from the driver control unit 9 provided for the con- 
troller 4. A drive power generated by the electric motor 

35 1 0 is transferred to drive wheels 1 2 through a transmis- 
sion 11. 

[0030] The driver control unit 9 outputs a signal indic- 
ative of a motor-requested electric energy (PD_REQ), 
which is required by the motor driver 5, based on an 

40 amount of depression (Ap) of an accelerator pedal 13 
and a rotational speed (Nm) of the electric motor 1 0 to 
the power supply management control unit 14. 
[0031 ] The power supply management control un it 1 4 
is supplied with detected signals of a load current (I load) 

45 and a load voltage (VIoad) which are detected by a load 
sensor 15. Based on the detected signals, the power 
supply management control unit 1 4 recognizes the elec- 
tric energy consumed by electric accessories other than 
the electric motor 10. 

so [0032] The power supply management control unit 14 
takes into account an allowable output cun'ent (lfc_LMT) 
outputted from the fuel cell control unit 1 6 and indicative 
of an upper limit for the current that can be supplied from 
the fuel cell stack 2 and a cun'ent (leap) charged into or 

55 discharged from the capacitor 3 and a voltage (Vcap) 
across the capacitor 3 which are detected by a capacitor 
sensor 31 , detemnines a target output current (lfc_CMD) 
which is a target value for a current outputted from the 
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fuel cell stack 2 depending on the sum of the motor-re- 
quested electric energy (PD_REQ) and. the electric en- 
ergy consumed by the electric accessories other than 
the electric motor 10, and outputs a signal indicative of 
the target output current (lfc_CMD) to the fuel cell con- 5 
trol unit 1 6. The power supply management control unit 
1 4 also outputs a signal indicative of an output limit elec- 
tric energy (PLD) to the driver control unit 9, the output 
limit electric energy (PLD) representing an upper limit 
for the electric energy that can be supplied from the fuel io 
cell stack 2. 

[0033] The fuel cell control unit 1 6 is supplied with de- 
tected signals outputted from a reactive gas sensor 20 
and indicating a pressure (Pgas), afiow rate (Qgas), and 
a temperature (Tgas) of reactive gases (hydrogen and '5 
air) supplied to the fuel cell stack 2, and detected signals 
indicative of states (Vcelljndiv) of individual fuel cells 
(not shown) that make up the fuel cell stack 2. The fuel 
cell control unit 1 6 determines the allowable output cur- 
rent (lfc_LMT) in consideration of the state of the fuel 20 
cell stack 2 as recognized from these detected signals. 
[0034] The driver control unit 9 outputs the torque 
command (TRQ_CMD) to the motor driver 5 so as not 
to exceed the output limit electric energy (PLD) indicat- 
ed by the power supply management control unit 14. 25 
The motor driver 5 controls the annature cun-ents of the 
electric motor 1 0 to cause the electric motor 1 0 to gen- 
erate torque depending on the torque command 
(TRQ_CMD). 

[0035] The fuel cell control unit 1 6 (Including a tunc- ^0 
tlon as gas supply control means according to the 
present Invention) outputs a signal indicative of a target 
amount of reactive gases (CI\^P_CMD) supplied to the 
fuel cell stack 2 to a reactive gas supply device 21 (cor- 
responding to reactive gas supply means according to 35 
the present invention) so that the fuel cell stack 2 will 
output a cun^ent corresponding to the target output cur- 
rent (lfc_CMD: con-esponding to a requested output cur- 
rent according to the present invention) outputted from 
the power supply management control unit 1 4. 40 
[0036] Consequently, the fuel cell stack 2 is supplied 
with air and hydrogen at a flow rate according to the tar- 
get output current (Ifc.CMD). The reactive gas supply 
device 21 has a mechanism (not shown) for regulating 
the flow rate at which the reactive gases are supplied. ^5 
The regulating mechanism such as an air compressor 
corresponds to supplied-amount regulating means ac- 
cording to the present invention. 
[0037] IHydrogen supplied from the reactive gas sup- 
ply device 21 is supplied to hydrogen electrodes of the 50 
fuel cell stack 2 through an ejector (not shown) and a 
humidifier (not shown), and reacts electrically and 
chemically with oxygen in air supplied to air electrodes 
of the fuel cell stack 2, producing water which is dis- 
charged through a discharge valve 22. The opening of 55 
the discharge valve 22 is controlled by a control signal 
(\/LV_CMD) supplied from the fuel cell control unit 1 6 in 
order to keep the pressure in the fuel cell stack 2 at a 
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constant gradient depending on the pressures of the 
supplied air and hydrogen. 

[0038] The fuel cell stack 2 has a water-cooled cooling 
unit (not shown). The fuel cell control unit 16 controls 
the flow rate and the temperature of cooling water sup- 
plied to the water-cooled cooling unit depending on the 
temperature of the cooling water supplied to the water- 
cooled cooling unit and the temperature of the cooling 
water discharged from the water-cooled cooling unit. 
[0039] The fuel cell power supply device 1 also has a 
fuel cell sensor 30 (including a function as fuel cell cur- 
rent detecting means according to the present inven- 
tion) for detecting an output current (Ifc) and an output 
voltage (Vfc) from the fuel cell stack 2. Signals detected 
by the fuel cell sensor 30 are also supplied to the power 
supply management control unit 1 4. 
[0040] The fuel cell stack 2 and the capacitor 3 are 
fundamentally held in a directly coupling state except 
the start time and the stop time of the fuel cell stack 2. 
In the directly coupling state, when the total electric en- 
ergy consumed by the electric motor 1 0 and the electric 
accessories other than the electric motor 1 0 is increased 
to decrease the output voltage of the fuel cell stack 2, a 
discharge current corresponding to a difference be- 
tween an open-circuit voltage of the capacitor 3 and the 
output voltage of the fuel cell stack 2 is supplied to the 
electric motor 1 0 and the electric accessories other than 
the electric motor 1 0. On the other hand, when the total 
electric energy consumed is decreased to increase the 
output voltage of the fuel cell stack 2, a charge current 
con-esponding to the difference between the open-cir- 
cuit voltage of the capacitor 3 and the output voltage of 
the fuel cell stack 2 is supplied from the fuel cell stack 
2 to the capacitor 3. 

[0041] Consequently, in both the above cases, the 
open-circuit voltage of the capacitor 3 becomes equiv- 
alent to the output voltage of the fuel cell stack 2. There- 
fore, it is unnecessary to cause the output voltage of the 
fuel cell stack 2 to always match an open-circuit voltage 
of a battery by a large DC/DC converter which can 
switch a heavy cun-ent in a manner similar to a case 
where the battery, whose open-circuit voltage does not 
change very much even if the remaining amount of 
charging electric energy changes, is connected parallel 
to the fuel cell stack 2. 

[0042] Accordingly, a small switching device (not 
shown) may be provided in order to limit the passage of 
the electric current between the capacitor 3 and the fuel 
cell stack 2 at the start time and the stop time of the fuel 
cell stack 2, at which the output current of the fuel cell 
stack 2 is small. 

[0043] The constitution and the operation of the power 
supply management control unit 14 will now be de- 
scribed with reference to FIG. 2. The power supply man- 
agement control unit 14 comprises a target total electric 
energy calculator 50, a fuel cell open-circuit voltage cal- 
culator 51 (corresponding to fuel cell open-circuit volt- 
age recognizing means according to the present inven- 
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tion), an l-V characteristics estimating unit 52 (corre- 
sponding to output characteristics estimating means ac- 
cording to the present invention), a requested output 
voltage detemnlning unit 53, a requested output cun'ent 
determining unit 54 (constituting requested output cur- 
rent determining means according to the present Inven- 
tion), a capacitor open-circuit voltage calculator 55 (cor- 
responding to capacitor open-circuit voltage recogniz- 
ing means according to the present invention), a capac- 
itor assist current calculator 56 (corresponding to capac- 
itor charged/discharged cun-ent recognizing means ac- 
cording to the present invention), a requested output 
current correcting unit 57 (con^esponding to requested 
output current correcting means according to the 
present invention), and a target output cunrent detennin- 
ing unit 58 (constituting requested output current deter- 
mining means according to the present invention). 
[0044] The target total electric energy calculator 50 
adds a motor-requested electric energy (PD.REQ) to 
an electric energy consumed by the electric accesso- 
ries, the electric energy being calculated by multiplying 
the load current (I load) by the load voltage (VIoad), to 
calculate a target total electric energy (Psys) serving as 
a total electric energy required for the operation of the 
fuel cell vehicle. 

[0045] The capacitor open-circuit voltage calculator 
55 deals with the capacitor 3 so as to replace the ca- 
pacitor 3 with an equivalent circuit In which reference 
symbol Vcap_o denotes an open-circuit voltage and ref- 
erence symbol Reap denotes an internal resistance as 
shown In FIG. 3. The capacitor open-circuit voltage cal- 
culator 55 calculates the open-circuit voltage (Vcap_o) 
of the capacitor 3 on the basis of the output current 
(leap) and an output voltage (Vout) of the capacitor 3 
and data 60 indicating the internal resistance (Reap) of 
the capacitor 3 stored in a memory (corresponding to 
second storage means according to the present inven- 
tion) using the following equation (1). 

Vcap_o = Vout+lcap x Reap (1 ) 

[0046] The capacitor assist current calculator 56 cal- 
culates a capacitor assist current (lcap_AST) serving as 
a current charged into or discharged from the capacitor 
3 when the output voltage (Vout) of the fuel cell stack 2 
is equivalent to a requested output voltage (Vfc_REQ) 
depending on the target total electric energy (Psys) us- 
ing the following equation (2). 

lcap_AST = (Vcap_o-Vfc_REQ)/Rcap (2) 

[0047] The requested output current correcting unit 
57 corrects a requested output current (lfc_REQ) by 
subtracting the capacitor assist cun'ent (lcap_AST) from 
the requested output current (lfc_REQ) depending on 
the target total electric energy (Psys). Accordingly, when 



the capacitor assist current {lcap_AST) denotes a pos- 
itive value, namely, when a current Is discharged from 
the capacitor 3, the requested output cun'ent (Ifc^REQ) 
is reduced as much as the discharged cun'ent (the re- 
5 duction corresponds to first correction according to the 
present invention), thereby preventing the reactive gas- 
es from being supplied to the fuel cell stack 2 excessive- 
ly. 

[0048] When the capacitor assist current (lcap_AST) 
10 denotes a negative value, namely, when a cun'ent is 
charged into the capacitor 3, the requested output cur- 
rent (Ifc.REQ) is Increased as much as the charged cur- 
rent (the increase corresponds to second correction ac- 
cording to the present Invention) , thereby preventing the 
15 reactive gases from being supplied to the fuel cell stack 
2 insufficiently. 

[0049] When a requested output current (lfc_REQ') 
corrected by the requested output current correcting unit 
57 is equal to or smaller than the actual output current 

20 (ifc) of the fuel cell stack 2 detected by the fuel cell sen- 
sor 30, the target output current detemnlning unit 58 out- 
puts the corrected requested output current (lfc_REQ') 
as it is as the target output current (lfc_CMD: corre- 
sponding to the requested output cun'ent according to 

2s the present invention). 

[0050] On the other hand, when the actual output cur- 
rent (Ifc) of the fuel celt stack 2 detected by the fuel ceil 
current sensor 30 is larger than the requested output 
current (lfc_REQ') corrected by the requested output 

30 current correcting unit 57, the target output current de- 
temnlning unit 58 outputs the actual output cun'ent (Ifc) 
as the target output current (Ifc^CMD). 
[0051] Accordingly, the target output cun'ent deter- 
mining unit 58 prevents such a state that the target out- 

55 put current (lfe_CIVID) is smaller than the actual output 
current (Ifc) of the fuel cell stack 2 to cause a shortage 
of the reactive gases supplied to the fuel cell stack 2. 
[0052] In the initial state, the fuel cell stack 2 has l-V 
characteristics as shown by a line (1) in FIG. 4. In a 

40 graph of FIG. 4, the axis of ordinate (V) denotes the out- 
put voltage of the fuel cell stack 2 and the axis of ab- 
scissa (I) denotes the output current thereof. If the l-V 
characteristics of the fuel cell stack 2 are always held to 
the line (1), data of the line (1) is previously stored to 

45 the memory and the target total electric energy (Psys) 
Is applied to the l-V characteristics of the line (1 ), so that 
the requested output current (lfc_REQ) and the request- 
ed output voltage (Vfc_REQ) of the fuel cell stack 2 
whicli are needed to obtain the target total electric en- 

50 ergy (Psys) can be determined. 

[0053] However, in some cases, the l-V characteris- 
tics of the fuel cell stack 2 are actually deviated from 
those in the initial state due to a change in temperature, 
pressure, or humidity of the reactive gases supplied to 

55 the fuel cell stack 2 or a change of the fuel cell stack 2 
with time. When the l-V characteristics of the fuel cell 
stack 2 are deviated from the Initial values, there is a 
disadvantage in that the amount of reactive gases is ex- 
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cessive or insufficient with respect to the target total 
electric energy (Psys). 

[0054] The following case is considered. For exam- 
ple, the line (1) represents the 1-V characteristics of the 
fuel cell stack 2. At a point P<,, the fuel cell stack 2 is 
equilibrated with the capacitor 3 (in this state, the 
charge/discharge current of the capacitor 3 Is equal to 
0} with respect to the requested output cun-ent 
(lfc_REQ) and the requested output voltage (Vfc_REQ) 
of the fuel cell stack 2 detemilned depending on the tar- 
get total electric energy (Psys). The l-V characteristics 
of the fuel cell stack 2 are changed from the line (1) in- 
dicating the above state to a line (2). 
[0055] In this case, the output voltage of the fuel cell 
stack 2 Is momentarily equivalent to the requested out- 
put voltage (Vfc_REQ) by the output voltage of the ca- 
pacitor 3 connected parallel to the fuel cell stack 2, the 
output current of the fuel cell stack 2 is reduced to a 
value shown by reference symbol lfc_1 , and a cun-ent 
(lcap.1) corresponding to the amount of reduction with 
respect to the requested output (Ifc.REQ) is discharged 
from the capacitor 3. ' 

[0056] After that, the output voltage of the capacitor 3 
(= the output voltage of the fuel cell stack 2) is reduced 
to the requested output current (lfc_REQ) by discharg- 
ing and the fuel cell stack 2 is then equilibrated with the 
capacitor 3 at a point P3. An output voltage (V3) of the 
fuel cell stack 2 in the equilibrating state at the point P3 
is lower than an output voltage (V^) In the equilibrating 
state at the point P^. In this case, since the output cur- 
rent (leap) of the capacitor 3 is equal to 0 in the equili- 
brating state, the open-circuit voltage (Vcap_o) of the 
capacitor 3 calculated by the capacitor open-circuit volt- 
age calculator 55 using the foregoing equation (1) is 
equivalent to the output voltage (Vout) of the fuel cell 
stack 2. 

[0057] Accordingly, In the foregoing equation (2), 
Vcap_o < Vfc_REQ. The calculated capacitor assist cur- 
rent (Icap^AST) indicates a negative value. Therefore, 
the requested output current correcting unit 57 perfonns 
the correction to Increase the requested output cun^ent 
(Ifc^REQ -> Ifc^REQ'). 

[0058] However, when the correction Is performed as 
mentioned above, a difference between the requested 

output voltage (Vfc_REQ) and the output voltage (Vfc) 
of the fuel cell stack 2 increases from AVfc_1 to AVfc_2. 
As a result, the correction to Increase the requested out- 
put current {lfc_REQ) is further perfomied, so that the 
reactive gases are excessively supplied to the fuel cell 
stack 2. When the reactive gases are excessively sup- 
plied to the fuel cell stack 2, the electric energy is wasted 
by the reactive gas supply device 21 (refer to FIG. 1) 
and the humidity in the fuel cell stack 2 decreases to dry 
an electrolytic membrane of the fuel cell stack 2, result- 
ing in a deterioration in perfomiance of the fuel cell stack 
2. 

[0059] On the other hand, when the l-V characteristics 
of the fuel cell stack 2 are deviated from the line (1) in 



the normal direction of the axis of voltage (V) (upward 
in FIG. 4), Vcap_o > Vfc.REQ, so that the calculated 
capacitor assist current (lcap_AST) denotes a positive 
value in the foregoing equation (2). 

5 [0060] Therefore, the requested output current cor- 
recting unit 57 performs the correction to decrease the 
requested output current (lfc_REQ). Actually, the charg- 
ing current is supplied to the capacitor 3 in order to In- 
crease the output voltage of the capacitor 3. According- 

10 ly, the requested output current (lfc_REQ) is Insufficient 
with respect to the target total electric energy (Psys), 
resulting in a shortage of the reactive gases supplied to 
the fuel cell stack 2. 

[0061] in order to Inhibit an effect of a change of the 
IS l-V characteristics of the fuel cell stack 2 and then de- 

temnine the requested output current (lfc_REQ) and the 
requested output voltage (Vfc_REQ), the l-V character- 
istics estimating unit 52 deals with the fuel cell stack 2 
so as to replace the fuel cell stack 2 with an equivalent 

20 circuit having an open-circuit voltage (Vfc_o) and an In- 
ternal resistance (Rfc) as shown in FIG. 3, thereby es- 
timating the l-V characteristics of the fuel cell stack 2. 
[0082] in this instance, as shown in FIG. 4, the l-V 
characteristics of the fuel cell stack 2 are approximate 

25 to a tine whose gradient is substantially fixed in a range 
where the fuel cell stack 2 is ordinarily used (I^q to Igo)- 
Even if the l-V characteristics of the fuel cell stack 2 
change due to a change with time, a change in gradient 
of the l-V characteristics is relatively small In this range. 

30 [0063] The l-V characteristics estimating unit 52 esti- 
mates the l-V characteristics of the fuel cell stack 2 by 
substituting a linearf unction In which a gradient denotes 
the internal resistance (Rfc) in the initial state and an 
intercept of the voltage axis (V axis) denotes an open- 

3S circuit voltage (Vfc^o) of the fuel cell stack 2 and which 
is expressed by the following equation (3) for the l-V 
characteristics: 



40 V = F(I) 

= RfcxI+Vfc o (3) 



45 where, reference symbol V denotes the output voltage 
of the fuel cell stack 2 and reference symbol I denotes 
the output current of the fuel cell stack 2. 
[0064] In this instance, on the basis of output current 
(Ifc) and the output voltage (Vout) of the fuel cell stack 

50 2 and data 61 indicative of the internal resistance (Rfc) 
of the fuel cell stack 2, stored in a memory (correspond- 
ing to first storage means according to the present in- 
vention), the fuel cell open-circuit voltage calculator 51 
calculates the open-circuit voltage (Vfc_o) of the fuel 

55 cell stack 2 using the following equation (4). 

Vfc_o=:Vout+lfcxRfc (4) 
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[0065] The fuel cell open-circuit voltage calculator 51 
calculates the open-circuit voltage (Vfc_o) of the fuel 
cell stack 2 every predetermined control cycle (corre- 
sponding to a predetermined cycle according to the 
present Invention) using the above equation (4). Based s 
on the calculated open-circuit voltage (Vfc_o), the l-V 
characteristics estimating unit 52 estimates the l-V char- 
acteristics of the fuel cell stack 2 using the foregoing 
equation (3). 

[0066] Accordingly, the l-V characteristics estimating 
unit 52 updates the linear function represented by the 
equation (3) by reflecting the actual change if the l-V 
characteristbs of the fuel cell stack 2 every control cycle. 
Consequently, the l-V characteristics estimating unit 62 
can accurately estimate the l-V characteristics of the fu- 
el cell stack 2. 

[0067] On the basis of the l-V characteristics of the 
fuel cell stack 2 estimated by the l-V characteristics es- 
timating unit 52, the requested output voltage determin- 
ing unit 53 can accurately determine the requested out- 
put voltage (Vfc^REQ) depending on the target total 
electric energy (Psys). On the basis of the l-V charac- 
teristics of the fuel cell stack 2 estimated by the l-V char- 
acteristics estimating unit 52, the requested output cur- 
rent detemnining unit 54 can accurately detemnlne the 
requested output voltage (lfc_REQ) depending on the 
target total electric en ergy ( Psys) . 
[0068] Accordingly, it is possible to inhibit the forego- 
ing excessive or insufficient supply of reactive gases to 
the fuel cell stack 2 caused by the deviation of the actual 
l-V characteristics of the fuel cell stack 2 from the i-V 
characteristics of the fuel cell stack 2 used for the cal- 
culation of the requested output current (lfc_REQ). 
[0069] The present embodiment has described the fu- 
el cell power supply device having the fuel cell stack 2 
and the capacitor 3 connected parallel to the fuel cell 
stack 2. According to the present Invention, even If the 
device does not have the capacitor 3, the i-V character- 
istics of the fuel cell stack 2 are estimated by substituting 
the linear function represented by the foregoing equa- 
tion (3) for the l-V characteristics, so that the requested 
output cun-ent (lfc_REQ) depending on the target total 
electric energy (Psys) can be delemnined accurately. 
[0070] According to the present embodiment, the re- 
quested output current correcting unit 57 perfonns the 
correction to Increase or decrease the requested output 
current (lfc_REQ) using the capacitor assist cun-ent 
(lcap_AST). The advantages of the present invention 
are effective even when only the correction to Increase 
the requested output cun'ent is performed, when only 
the correction to decrease the current is perfonned, or 
when the correction is not perfonned. 
[0071 ] According to the present embodiment, the tar- 
get output current detemnining unit 58 sets the target 
output current (lfc_CMO) so as not to be equal to or low- 
er than the actual output cun-ent (Ifc) of the fuel cell stack 
2. The advantages of the present invention are effective 
even when the present device does not have the target 



output current determining unit 58. 
[0072] Although a certain pretended embodiment of 
the present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 
[0073] Disclosed is a fuel cell power supply devbe 
which can accurately determine a requested output cur- 
rent of a fuel cell depending on an electric energy re- 
quested by a load even If output cun'entA/oltage char- 
acteristics of the fuel cell change. A power supply man- 
agement control unit 14 has an l-V characteristics esti- 
mating unit 52 for estimating output current^voltage 
characteristics (l-V characteristics) of a fuel cell by sub- 
stituting a linear function (V = F(l)) in which a gradient 
indicates an internal resistance (Rfc) of the fuel cell and 
an interception of an axis representing a voltage (V) In- 
dicates an open-circuit voltage (Vfc_o) of the fuel cell 
cateulated by a fuel cell open-circuit voltage calculator 
51 for the l-V characteristics. On the basis of the l-V 
characteristics of the fuel cell estimated by the l-V char- 
acteristics estimating unit 52, a requested output volt- 
age detemnining unit 53 and a requested output current 
detemnining unit 54 detemiine a requested output volt- 
age (Vfc_REQ) and a . requested output current 
{lfc_REQ), respectively, which are needed to obtain a 
target total electric energy (Psys). 
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30 Claims 

1 . A fuel cell power supply device comprising: 
a fuel cell; 

35 reactive gas supply means for supplying sup- 

plies reactive gases to said fuel cell; 
supplled-amount regulating means for regulat- 
ing regulates an amount of reactive gases sup- 
plied from said reactive gas supply means to 
40 the fuel cell; 

requested output current detemiining means 
for determining a requested output current of 
the fuel cell depending on a requested electric 
energy of a load when said load Is connected 
to the fuel cell and is then supplied with an elec- 
tric energy; 

gas supply control means for permitting said 
supplied-amount regulating means to control 
the amount of reactive gases supplied to the 
50 fuel cell so as to obtain said requested output 

current; 

first storage means for storing data of an inter- 
nal resistance of the fuel cell; 
fuel cell open-circuit voltage recognizing 
S5 means for recognizing an open-circuit voltage 

of the fuel cell; and 

output characteristics estimating means for es- 
timating output currentA/oltage characteristics 
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of the fuel cell by substituting a linear function 
in which a gradient Indicates the internal resist- 
ance of the fuel cell and ah intercept of an out- 
put voltage axis indicates the open-circuit volt- 
age of the fuel cell for the output cun-ent/voltage 
characteristics, 

wherein said requested output current deter- 
mining means deteimines an output current of the 
fuel cell, which is obtained by applying the request- 
ed electric energy of the load to said linear function, 
as the requested output cun'ent. 

The fuel cell power supply device according to claim 
1, further comprising: 

fuel cell current detecting means for detecting 
an output cun^nt of the fuel cell, 

wherein when the output current of the fuel 
cell obtained by applying the requested electric en- 
ergy of the load to the linear function is smaller than 
a cun'ent detected by said fuel cell current detecting 
means, the requested output current determining 
means detemriines the detected cun'ent as the re- 
quested output current. 

The fuel cell power supply device according to claim 
1, further comprising: 

an electric double layer capacltorwhich Is con- 
nected parallel to the fuel cell; 
second storage means for storing data of an in- 
ternal resistance of said electric double layer 
capacitor; 

capacitor open-circuit voltage recognizing 
means for recognizing an open-circuit voltage 
of the electric double layer capacitor; 
capacitor charged/discharged current recog- 
nizing means for dividing a difference between 
the requested output voltage, obtained by ap- 
plying the requested output cunnentto the linear 
function, and the open-circuit voltage of the 
electric double layer capacitor by the internal 
resistance of the electric double layer capacitor 
to recognize a current charged into or dis- 
charged from the electric double layer capacitor 
when an output voltage of the electric double 
layer capacitor is equivalent to the requested 
output voltage; and 

requested output current correcting means for 
perfomiing at least one of a first correction to 
subtract a discharged cun-entfrom the request- 
ed output current when said capacitor charged/ 
discharged current recognizing means recog- 
nizes the current discharged from the electric 
double layer capacitor and a second correction 
to add a charged current to the requested out- 
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put cun-ent when the capacitor charged/dis- 
charged cun'ent recognizing means recognizes 
the cun'ent charged into the electric double lay- 
er capacitor. 

The fuel cell power supply device according to claim 
3, further comprising: 

fuel cell current detecting means for detecting 
an output current of the fuel cell, 

wherein when the requested output current 
subjected to said first con'ection or said second cor- 
rection by said requested output current con'ecting 
means Is smaller than a cun-ent detected by said 
fuel cell current detecting means, the requested 
output current detemiining means determines the 
detected cunrent as the requested output current. 

The fuel cell power supply device according to any 
one of claims 1 to 4, wherein 

the fuel cell open-circuit voltage recognizing 
means recognizes the open-circuit voltage of the fu- 
el cell every predetemiined cycle and 

the output characteristics estimating means 
estimates the output current/voltage characteristics 
of the fuel cell by substituting the linear function for 
the output current/voltage characteristics every 
said predetemiined cycle. 
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